1. Protein-depleted rats are resistant to the lethal effects of carbon tetrachloride. The LD50 is 6-4ml./kg. in stock rats and 14-7ml./kg. in rats fed on protein-free diets. 2. Protein-depleted rats are resistant to carbon tetrachloride in its effect on the liver as judged by histology, accumulation of liver water, and plasma enzyme and bilirubin measurement. 3. The protection is present after feeding rats on a no-protein diet for 4 days. It is present after feeding rats on a 3%-casein diet, and partly found after feeding rats on a 6%-casein diet. 4. The activities of the microsomal enzymes that demethylate Pyramidon and hydroxylate benzopyrene in the liver fall by over 80% in rats fed on the no-protein diet for 4 days or more, or in rats fed on a 3%-casein diet. A 50% fall is found in rats fed on a 6%-casein diet. 5. A single dose of DDT or three doses of phenobarbitone cause increased microsomal enzyme activity in protein-depleted rats. 6. The animals are then sensitive to the lethal and liver-damaging effects of carbon tetrachloride. 7. DDT dosage also leads to increased sensitivity to carbon tetrachloride in rats fed on stock diets. 8. These findings support the hypothesis that carbon tetrachloride is metabolized by microsomal enzymes to form the true toxic compound.
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There is a widely held belief that animals fed on a diet deficient in protein are especially susceptible to poisons that affect the liver (Miller, 1948; Drill, 1952;  Rouiller, 1964;  for review see McLean, McLean & Judah, 1965) . In some experiments on veno-occlusive disease of the liver (McLean, Bras & McLean, 1965) carbon tetrachloride was given to rats fed on a low-protein diet. Unexpectedly, the animals proved resistant to the poison and we decided to investigate this phenomenon . Campbell & Kosterlitz (1948) made histological observations that also indicated that protein-depleted rats were resistant to carbon tetrachloride. Carbon tetrachloride is known to be metabolized by liver microsomes (Rubinstein & Kanics, 1964) . It has been suggested that metabolism might be necessary for the toxic effects (McCollister, Beamer, Atchison & Spencer, 1951; Butler, 1961; Wirtschafter & Cronyn, 1964; Snodgras & Pirias, 1965; Reynolds, 1963; Slater, 1965 Slater, , 1966 Kondos & McClymont, 1965) .
One mechanism by which rats could become resistant during protein depletion was that they might lose enzymes needed to metabolize carbon tetrachloride. Magee (1964) showed that liver injury caused by dimethylnitrosamine depends on microsomal demethylation of the compound, and Roberts & Plaa (1965) found evidence for the same result for x-naphthyl isothiocyanate toxicity.
Protein-free diets affect the microsomal hydroxylating enzyme systems that are responsible for the metabolism of many drugs (Kato, Chiesara & Vassanelli, 1962; Conney & Burns, 1962; Ernster & Orrenius, 1965) . Use was made of the effect discovered by Fouts (1963) that dicophane (DDT*) is a potent and long-lasting inducer of synthesis of microsomal hydroxylating enzymes (Hart & Fouts, 1965; Ernster & Orrenius, 1965) .
METHODS
Young male rats of a Wistar-derived Porton strain were reared under specific pathogen-free conditions and brought out to a conventional animal house at weaning. When they weighed 120-150g., they were given various diets ad libitum. Water was freely available and mesh floors were used to limit coprophagy. The diets used were stock pellets (diet 41B of Bruce & Parkes, 1956) and no-protein and 3%-, 6%-, 10%. and 30%-casein diets (Table 1) The reaction product, 4-aminoantipyrene, was measured by the method of Brodie & Axelrod (1950) as modified by La Du, Gaudette, Trousof & Brodie (1955) .
(b) Hydroxylation of benzopyrene. A modification of the methods of Wattenberg, Leong & Strand (1962) and A. H. Conney (personal communication) was used. A I ml. portion of 5% liver homogenate in 0-15M-KCI was added to 2ml. of ice-cold incubation mixture containing the same substances and amounts as were used for Pyramidon demethylation, except for the omission of the KCI and Pyramidon. The final addition was 60,ug. of benzopyrene in 25py. of acetone, and the reaction was started by taking flasks from the ice bath to 37°in a shaking incubator. After 12min. incubation the flasks were returned to ice, and 3 ml. of acetone was added to each. For blanks, flasks with the complete reaction system with 3ml. of acetone added to each at zero time, and kept cold, were used. Then 9ml. of hexane (b.p. 67-70') was added to each, the flasks were capped with foil and the mixtures were returned to the shaking incubator at 370 for 10min. The flasks were then returned to the cold and kept dark for 2hr. A lml. portion of the hexane phase of each was put into lOml. of N-NaOH in a stoppered tube. Each tube was inverted once, left for 5min. and inverted again, so that the unstable hydroxybenzopyrene should not be destroyed by shaking the alkaline solution with air. The fluorescence of the soda layer was immediately measured in an Aminco-Bowman spectrofluorimeter, by using excitation wavelength 400m,u and emission wavelength 522m,. As a standard 0-3jug. of quinine/ml. in 0-1 w-H2S04, diluted daily from a concentrated standard, was used at wavelengths 350-450m,u.
To ensure that this standard was reproducible in spite of the change of wavelengths between the quinine standard and hydroxybenzopyrene unknown, a second standard that fluoresces at the hydroxybenzopyrene wavelengths was used. This was xanthurenic acid (60ug./mn. in 8N-NaOH). This has the same fluorescence at 400-522mjz as quinine (0.3jug./ml.) has at 340-450m,u. The results are expressed as units: 100 units of activity are present when 50mg. of liver produces material that is as fluorescent as 0 3ug. of quinine/ml. in the final soda phase of the assay.
RESULTS
Effects of diets. Male rats weighing 140-160g.
were fed on no-protein and 3%-, 6%-, 10%-and 30%-casein diets. After an initial check to growth, or lose of weight, the group on the no-protein diet lost about 0-8g. body wt./day, whereas all the other groups made steady gains of 0-7, 2-1, 4.4 and 5-2g. body wt./day.
A DIET AND MICROSOMAL HYDROXYLATING ENZYMlES effects were enhanced by DDT and by phenobarbitone. When the animals were fed on stock diet DDT had very little effect (Table 3) . Effet of diet and DDT on demethylation of Pyramidon and hydroxylkaion of benzopyrene. These enzymic activities were markedly decreased by feeding the rats on a protein-free diet for 4 days, or longer, and also by feeding them on a 3%-casein diet (Table 4 ). The 6%-casein diet allows considerable enzyme activity to remain, whereas the 10%-and 30%-casein diets did not significantly decrease activity in comparison with stock diets.
A single dose of DDT led to a sustained increase of both enzymic activities in rats fed on protein- Table 4 . Effect of diet and DDT on Pyramidon demethylation and hydroxylation of benzopyrene Enzyme assays are described in the Methods section. DDT (75mg./kg.) was given subcutaneously in olive oil 1 week before enzyme assays; phenobarbitone (80mg./Ikg.) was given intraperitoneally for 3 days before enzyme assays. There was no significant alteration in enzymic activity on feeding rats on experimental diets beyond 1 week.
Demethylation of Pyramidon Hydroxylation of benzopyrene Diet Diet 41B 30%-Casein diet (7-20 days) 10%-Casein diet (7-20 days) 6%-Casein diet (7-20 days) 3%-Casein diet (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) Table 4 ). In the absence of CClg neither DDT nor phenobarbitone caused a significant change in plasma isocitrate-dehydrogenase activity or bilirubin concentration. Values marked * differ significantly from the group fed on diet 41B (P< 0-01). Values marked t differ significantly from the group fed on no-protein diet (P< 0-01). Injection of 0-9% NaCl or olive oil alone did not increase isocitrate-dehydrogenase activity or bilirubin concentration after the administration of CC14.
Plasma isocitrate-dehydrogenase activity Plasma conon. of bilirubin
starved group previously given diet 41B remained more susceptible than the starved group previously given the no-protein diet.
Effect of DDT and phenobarbitone on indices of liver danage after carbon tetrachloride. Pretreatment with a single dose of DDT or three doses of phenobarbitone led to increased plasma isocitratedehydrogenaseactivityandbilirubinconcentrations after carbon tetrachloride dosage (Table 6 ). Rats fed on diet 41B showed the effect and so did the rats fed on the no-protein diet. DDT alone had no effect on liver or plasma isocitrate-dehydrogenase activity, nor did it affect liver fat, water or glycogen content. Carbon tetrachloride increased the content of liver water. This water influx was less in animals on the no-protein diet, and was increased by pretreatment with phenobarbitone or DDT ( 1-26±0-29t 1-53±0-60t 568 1966 Table 7 . Effect of variou8 diets on liver water content of rat8 24hr. after a 8rngle oral do8e of carbon tetrachloride (2.5ml./kg.) DDT (75mg./kg.) was given subcutaneously in oil 7 days before CC14. Phenobarbitone (80mg./kg.) was given intraperitoneally on three successive days before giving CC14. The differences between the group given no-protein diet (8-20 days)+ CC04 and those groups marked * were significant (P<0-01). Mean±,s.D. (Table 8 ). The increase in fat content of the liver after carbon tetrachloride was approximately the same in rats fed on the no-protein as in those fed on diet 41B. Giving DDT led to a slightly more severe fatty liver after giving carbon tetrachloride. Glycogen depletion after carbon tetrachloride was much more marked in rats fed on diet 41B, or in those given DDT, than in the rats on the no-protein diet.
Time-cour8e of carbon tetrachkoride injury. Protection of rats against carbon tetrachloride injury by cordotomy has been shown to be due to delay in onset rather than decrease in total damage (Larson & Plaa, 1965) . In our own experiments groups of animals were given carbon tetrachloride (2-5ml./kg.) and then killed at 24, 48 and 72hr. There was no evidence of increased liver damage at later times in the rats on the no-protein diet. Histological examination of the livers of these animals showed that, though the usual extensive liver-cell necrosis followed by repair was present in rats fed on diet 41B and given carbon tetrachloride, the rats on the noprotein diet showed only a few dead cells and slight centrilobular glycogen loss 24hr. after the carbon tetrachloride; by 48hr. there was hardly any evidence of damage. (McLean, 1960) . Calcium accumulation in a damaged organ reflects a balance between influx into dead cells and efflux as these cells are phagocytosed. In all, water content has been found to be the measurement that correlates best with histological observations of damage and necrosis.
DISCUSSION
The relation between carbon tetrachloride toxicity and the activity of microsomal hydroxylating enzymes is not quantitatively simple. The enzyme activities differ tenfold between the group on no-protein diet and the group on diet 41B, but LD5o and indices of liver damage alter only by about twofold. Similarly, when DDT is given the enzyme activity rises to only about 60% of that found in the animals fed on stock diet, but sensitivity to carbon tetrachloride becomes greater in the group fed on the no-protein diet and given DDT than in the group fed on the stock diet. It is thus possible that the activation of carbon tetra- 
